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Cross-Reference to Related Application 
[0001] This application incorporates by reference, and claims priority to and the benefit of, 
German patent application serial number 10036100.5, which was filed on July 25, 2000. 

Technical Field 

[0002] The invention generally relates to articles of footwear and soles therefor. In particular, 
the invention relates to a sole for athletic or sports footwear that includes openings for ventilation 
and vapor exchange. 

Background Information 
[0003] The technical development of shoes, in particular sport shoes, has advanced in recent 
years. Presently, shoe constructions can be adapted to accommodate the mechanical stresses 
arising on a wearer's foot during different kinds of sporting activities and provide a high degree 
of functionality and wearing comfort. In spite of these developments, it was not possible to 
manufacture shoes that, in addition to providing damping and support for the foot, also provide a 
comfortable climate for the foot. For example, the use of foamed plastic materials, which is 
common in modern sports shoes, prevents heat and humidity from being sufficiently transported 
away from the foot to efficiently avoid a hot feeling, an unpleasant odor, or a risk of diseases of 
the foot. These disadvantages present a severe problem in the case of sports shoes. Because of 
the increased physical activity during sporting activities, more heat and humidity arise in the foot 
area within the shoe. For this reason, there are different approaches to provide ventilation and 
removal of sweat from the foot area within the shoe. 

[0004] For example, Swiss Patent No. 198 691 discloses an insole, wherein a leather sole 
provided with holes is arranged as a top layer on a frame-like supporting layer. The foot is to be 
surrounded by air from all sides to account purportedly for the breathing requirements of the foot 
sole. A similar construction is disclosed in United Kingdom Patent No. GB 2 315 010. Both 
Swiss Patent No. 198 691 and United Kingdom Patent No. GB 2 315 010 are hereby 
incorporated herein by reference. A disadvantage, however, is that no exchange takes place 



between the volume of air arranged below the foot sole and the surrounding air. As a result, 
humidity and bacteria can accumulate in the shoe. 

[0005] Another approach is to connect an air volume, usually provided below the insole, with 
the outside air via lateral openings. The repeated compression of the shoe sole, a result of the 
action of the foot while running or walking, purportedly causes the warm air and humidity from 
the air volume inside the shoe to be pumped to the outside air with each step, thereby 
transporting humidity away. Examples of such shoes are disclosed in German Patent No. DE 
121 957 and U.S. Patent Nos. 5,035,068, 4,837,948, and 5,655,314, all of which are hereby 
incorporated herein by reference. 

[0006] There are, however, problems with the foregoing concepts. First, the pumping action 
provided by the compression of the sole is too weak to assure a substantial exchange of air via 
the lateral openings, which may be several centimeters away. As such, the warm air and the 
humidity are only slightly moved back and forth without actually leaving the air volume from 
within the shoe. Second, a recess arranged below the insole, which contains the air volume, is so 
big that a soft shoe is created, which is mechanically unstable. 

[0007] According to another concept, arrangements of partly closeable openings on a shoe 
upper can be used, examples of which can be found in U.S. Patent Nos. 4,693,021, 5,357,689, 
and 5,551,172, all of which are hereby incorporated herein by reference. These arrangements do 
not have any influence on the aforementioned disadvantages, because the heat and humidity 
dispensed by the foot is predominantly arising in the foot sole area. As such, openings on the 
shoe upper do not significantly contribute to the ventilation of the foot sole area. Therefore, the 
arrangement of ventilation openings on the shoe upper does not result in a shoe that provides a 
comfortable and healthy foot climate. 

[0008] Yet another approach is disclosed in U.S. Patent No. 4,290,21 1, which is hereby 
incorporated herein by reference. Here, an outsole is perforated by a plurality of conically 
tapered openings and an insole has perforations that exactly coincide with the openings of the 
outsole. Although sufficient ventilation may be possible by this direct vertical connection from 
the foot sole to the outside, multiple through-holes reduce the mechanical stability of the sole, so 
only a few openings can be provided. This, however, reduces the desired ventilation effect. As a 
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result, such a simple perforation of the shoe sole has not become popular, in particular in the case 
of sports shoes. 

[0009] With the introduction of so-called "climate membranes/' one example of which is the 
GORE-TEX® brand sold by W.L. Gore & Associates, the holes in the outsole are covered by a 
breathable membrane. Such constructions can be found in International Patent Application 
Publication No. W097/2871 1 and European Patent Application No. EP 0 956 789, which are 
hereby incorporated herein by reference. Although the use of climate membranes may lead to 
improved watertightness of the shoe, the above described disadvantages concerning the stability 
of the shoe are not overcome, but worsened, because even with a breathable membrane, more 
through-holes in the sole are necessary to assure sufficient ventilation of the foot sole. 

[0010] Furthermore, International Patent Application Publication No. W099/668 1 2, 
European Patent Application No. EP 0 960 579, and U.S. Patent Nos. 5,983,524 and 5,938,525, 
the disclosures of which are hereby incorporated herein by reference, disclose combinations of 
the above-described approaches, but without overcoming the respective disadvantages. In one 
example, the five-layer system disclosed in U.S. Patent No. 5,983,525 consists of an outsole, a 
membrane, a protecting layer, a filling layer, and an insole with isolated arranged perforations in 
their respective layers. This system is far too dense for effective ventilation of the sole area, 
even if breathing active materials are used. 

Summary of the Invention 
[0011] The climate control shoe sole of the present invention overcomes the disadvantages of 
known sports shoes and methods for transporting heat and humidity from a wearer's foot. 
Generally, the sole, as described herein, assures a comfortable and healthy foot by providing 
proper ventilation and air exchange within the shoe, while at the same time preserving the 
mechanical stability required for sports shoes. 

[0012] In one aspect, the invention relates to a sole for an article of footwear. The sole 
includes an insole layer with a plurality of first openings, a support layer with a plurality of 
second openings, and an outsole layer with at least one third opening. A substantial portion of 
the plurality of first openings in the insole layer are interconnected. The openings in each of the 
layers are arranged such that the second openings in the support layer partially overlap the first 



3 



openings in the insole layer and the at least one third opening in the outsole layer partially 
overlaps the second openings in the support layer. 

[0013] In another aspect, the invention relates to an article of footwear including an upper 
and a sole. The sole includes an insole layer with a plurality of first openings, a support layer 
with a plurality of second openings, and an outsole layer with at least one third opening. A 
substantial portion of the plurality of first openings in the insole layer are interconnected. The 
openings in each of the layers are arranged such that the second openings in the support layer 
partially overlap the first openings in the insole layer and the at least one third opening in the 
outsole layer partially overlaps the second openings in the support layer. In one embodiment, 
the upper is made of a reinforced mesh material. Optionally, the article of footwear can include 
a climate control sock that has a two layer mesh construction. 

[0014] In various embodiments of the foregoing aspects of the invention, the plurality of first 
openings are distributed over substantially the entire insole layer and the first openings may be 
generally circularly shaped. In some embodiments, a first portion of the plurality of first 
openings are disposed in at least one of a ball region and a heel region of the sole and a second 
portion of the plurality of first openings are disposed in the remaining regions of the sole. The 
openings of the first portion may be smaller than the openings of the second portion. In one 
embodiment, the openings of the first portion are less than about 3 millimeters (mm) in diameter 
and the openings of the second portion are greater than about 4 mm in diameter. In other 
embodiments, at least one channel interconnects a portion of the first openings and the channel 
is disposed on a bottom side of the insole layer. 

[0015] In some embodiments, the support layer is a substantially compression resistant semi- 
rigid chassis that controls deformation properties of the sole. The support layer may extend 
along a heel region and/or a ball region of the sole. In various embodiments, the plurality of 
second openings in the support layer may be disposed in a toe region and/or an arch region 
and/or an upwardly extending portion of the sole. In some embodiments, the plurality of second 
openings form a grill pattern. In other embodiments, the support layer may further include a 
support element disposed in the arch region of the sole. The support element interconnects a 
forefoot part and a rearfoot part of the sole, and the support layer and/or the support element 
may sideways encompass a wearer's foot in the arch region and/or the heel region of the sole. 
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[0016] In additional embodiments, the outsole layer of the invention may include a plurality 
of sole elements, for example a forefoot element and a rearfoot element. The outsole layer may 
extend along the heel region and/or the ball region of the sole. In various embodiments, the at 
least one third opening is disposed in the toe region and/or the arch region of sole and overlaps 
with corresponding second openings in the support layer. The outsole layer may also sideways 
encompass the wearer's foot in the heel region and/or a forefoot region of the sole. In other 
embodiments, the outsole layer further includes a cushioning layer and/or a tread layer. 

[0017] In still other embodiments, the sole may include a membrane disposed between the 
support layer and the insole layer. In some embodiments, a shoe in accordance with the 
invention may include a flexible net-like element for selective reinforcement of parts of an 
upper. The flexible net-like element may be disposed in a heel region of the upper, for example, 
the medial and/or lateral side of a wearer's ankle. 

[0018] These and other objects, along with advantages and features of the present invention 
herein disclosed, will become apparent through reference to the following description, the 
accompanying drawings, and the claims. Furthermore, it is to be understood that the features of 
the various embodiments described herein are not mutually exclusive and can exist in various 
combinations and permutations. 

Brief Description of the Drawings 
[0019] In the drawings, like reference characters generally refer to the same parts throughout 
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating the principles of the invention. In the following description, 
various embodiments of the present invention are described with reference to the following 
drawings, in which: 

FIG. 1 A is an exploded isometric view of one embodiment of a sole in accordance with 
the invention; 

FIG. IB is an enlarged view of a portion of a support layer depicted in FIG. 1 A; 

FIG. 2 is a schematic plan view of one embodiment of an insole layer in accordance with 
the invention, as viewed from below; 
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FIG. 3 is a schematic bottom view of one embodiment of an assembled support layer and 
outsole layer in accordance with the invention; 

FIG. 4 is a schematic side view of the assembled support layer and outsole layer of FIG. 3; 

FIG. 5 is a schematic bottom view of another embodiment of an assembled support layer 
and outsole layer in accordance with the invention; 

FIG. 6 is a schematic side view of the assembled support layer and outsole layer of FIG. 5; 

FIG. 7 is a schematic bottom view of yet another embodiment of an assembled support 
layer and outsole layer in accordance with the invention; 

FIG. 8 is a schematic side view of the assembled support layer and outsole layer of FIG. 7; 

FIG. 9 is a schematic plan view of an embodiment of a net-like protection element in 
accordance with the invention; 

FIG. 10 is a schematic side view of the net-like protection element of FIG. 9 used in 
accordance with the invention; 

FIG. 1 1 is a schematic side view of one embodiment of an article of footwear in 
accordance with the invention; 

FIG. 12a is a graph showing the humidity of a foot climate measuring sock in the interior 
of a shoe made in accordance with the invention; and 

FIG. 12b is a graph showing the humidity of a foot climate measuring sock in the interior 
of a conventional shoe, as compared to the graph of FIG. 12a. 

Description 

[0020] Embodiments of the present invention are described below. It is, however, expressly 
noted that the present invention is not limited to these embodiments, but rather the intention is 
that modifications that are apparent to the person skilled in the art are also included. In 
particular, the present invention is not intended to be limited to sports shoes, but rather it is to be 
understood that the present invention can also be used to improve the foot climate of any article 
of footwear. Further, only a left or right sole and/or shoe is depicted in any given figure; 
however, it is to be understood that the left and right soles/shoes are typically mirror images of 
each other and the description applies to both left and right soles/shoes. 
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[0021] Generally, a sole in accordance with the invention includes at least three layers that 
may include several function specific components. Each of the layers has one or more openings 
disposed therein, such that ventilation and air exchange may occur within the shoe, thus 
improving the climate properties of the shoe. The one or more openings in each layer partially 
overlap the openings in the adjacent layer when the shoe sole is fully assembled. By the 
arrangement of the three or more layers with openings that only partially overlap, a substantially 
greater number of openings can be provided in the insole layer without reducing the mechanical 
stability of the shoe. As a result, the heat and humidity generated can be removed directly from 
the foot sole much more quickly than with conventional shoe designs. 

[0022] A sole 100 in accordance with the invention is shown in FIG. 1. The sole 100 includes 
a support layer 10 arranged below an insole layer 1 and an outsole layer 30 arranged below the 
support layer 10. The insole layer 1 includes a plurality of openings 2, 3 and can act as a 
cushioning layer for the sole 100. The support layer 10 may be reinforced from below by a 
support element 20. Alternatively, the support layer 10 may include a plurality of support 
elements 20 located at various locations along the sole 100. The outsole layer 30 shown includes 
a forefoot part 3 1 and a rearfoot part 32. Alternatively, the outsole layer 30 may include 
additional sole elements. A tread layer 40 may be provided directly below the outsole layer 30 to 
improve traction. The tread layer 40 includes a front part 41 , which corresponds to the forefoot 
part 3 1 of the outsole layer 30 and a rear part 42 that corresponds to the rearfoot part 32 of the 
outsole layer 30. The outsole layer 30 may also include a cushioning layer 70. FIGS. 3 and 4 
depict the sole 100 assembled, as indicated by the dashed arrows in FIG. 1 . In addition, an upper 
102 of a shoe 101 can be attached to the sole 100, as best seen in FIG. 11. 

[0023] The insole layer 1 is depicted in FIG. 2 and includes a plurality of generally circularly 
shaped openings 2, 3. Alternatively, the openings 2, 3 may have a shape other than circular, for 
example square, rectangular, elliptical, or any combination thereof The openings 2, 3 may be 
distributed over substantially the entire area of the insole layer 1 . Generally, the openings 3 have 
a greater open area than the openings 2 to optimize the permeability of the insole layer 1 for air 
and humidity transfer. Further, in order to avoid excessive local pressure on the foot sole and at 
the same time provide adequate ventilation, the openings 2 of the insole layer 1 are preferably 
smaller in the heel region 6 and/or the ball region 7 of the insole layer 1 . In one embodiment, the 
diameter of the openings 2 in these regions is only about 2 mm to about 3 mm, whereas the 
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diameter of the openings 3 in the remaining regions of the insole layer 1 is about 4 mm to about 
5 mm. In other embodiments, the openings 2 located in the heel region 6 and/or the ball region 7 
may be substantially smaller than the openings 3 located in other regions of the sole. 

[0024] The openings 2, 3 are interconnected on a bottom side 14 of the insole layer 1 by at 
least one channel. In the embodiment shown, a plurality of channels 4, 5 are used. The channels 
4, 5 can be arranged on the top side 15 or the bottom side 14 of the insole layer 1 or can even be 
integrated into the insole layer 1 . It has been found, however, that in order to avoid excessive 
friction between the foot sole and the insole layer 1, and for reasons associated with the 
manufacture of the insole layer 1, an arrangement on the bottom side 14 is typically beneficial 
In one embodiment, most of the larger openings 3 are connected to their respective next opening 
3 only by a single channel 5 and the smaller openings 2 are interconnected by a grid-like pattern 
of crossing channels 4. Not all openings 2, 3 need to be connected to other openings 2, 3. 

[0025] The insole layer 1 can be manufactured by, for example, injection molding or 
extrusion. Extrusion processes may be used to provide a uniform shape. Insert molding can then 
be used to provide the desired geometry of the open spaces, or the open spaces could be created 
in the desired locations by a subsequent machining operation. The insole layer 1 can be 
manufactured from any suitable polymeric material or combination of polymeric materials, either 
with or without reinforcement. Suitable materials include polyurethanes (PU), such as a 
thermoplastic polyurethane (TPU), ethylene vinyl acetate (EVA), or other comparatively soft 
material. Other suitable materials will be apparent to those skilled in the art. 

[0026] By the repeated compression of the insole layer 1 from the mechanical loading of the 
shoe 101 during ground contact, a pumping action is caused, which quickly transports the 
humidity surrounding the foot sole down to the support layer 10. For example, in the case of 
extreme physical activity, such as during a basketball game, hot and humid air develops below 
the foot sole in the interior of the shoe. In shoe soles 100 according to the present invention, the 
hot and humid air is transported through the openings 2, 3 down to the support layer 10. The 
network of channels 4, 5 arranged on the bottom side 14 of the insole layer 1 allow a fast 
horizontal diffusion of the humidity to the adjacent openings 1 1 , 12 in the support layer 10. This 
diffusion is facilitated by the repeated compression of the channels 4, 5 on the bottom side 14 of 
the insole layer 1, which act as small pumps. 
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[0027] Referring to FIGS. 1 , 3, and 4, the support layer 1 0, together with the additional 
support element 20, forms a frame or chassis around which the shoe 101 is built. The support 
layer 10, in part, determines the mechanical properties of the shoe in which it is used, such as the 
response of the shoe to loads arising during a particular sport. The support layer 10 includes a 
forefoot part 21 having a generally planar shape and a rearfoot part 22 that three-dimensionally 
encompasses the heel of a wearer's foot, thereby providing support. In one particular 
embodiment, the support layer 10 extends into the heel region 6 and the ball region 7 of the sole 
100 to withstand particularly high mechanical loading on shoes in these areas during repeated 
ground contact and push-off motions. In addition, a plurality of openings 1 1 can be arranged in 
the toe region 9 and/or the arch region 8 of the sole 100 so as not to degrade the support provided 
by the support layer 10. Additional longitudinal supports 13 can be used to reinforce the stability 
of the support layer 10 in the toe region 9, and struts 14 can be used to reinforce the support layer 
1 0 in the arch region 8. In addition, lateral flanges 24 can be provided on the support layer 10 
with openings 12 to contribute to ventilation of the interior of the shoe 101. 
[0028] The openings 1 1, 12 are formed by a series of closely spaced, generally parallel bands 
or ribs 27 that form a grill or cage pattern and provide a moisture and air pervious structure. As 
best seen in FIG. IB, the ribs 27 are generally circularly shaped and have a diameter of about 1 
mm to about 2 mm and a spacing of about 2 mm to about 3 mm. The grill pattern is used to 
achieve a very low resistance to the flow of humidity and hot air while also maintaining the 
greatest stability of the sole 100. Alternatively, the openings 1 1, 12 could be circular, 
rectangular, elliptical, or any combination thereof. The distribution of the openings 11,12 may 
affect the mechanical properties of the support layer 10. For example, in one embodiment of the 
sole 100, no openings are provided in the heel region 6 and the ball region 7 of the sole 100, 
because these two regions of the sole 100 require a high degree of support in order to avoid 
excessive pronation or supination of the wearer's foot. 

[0029] When the insole layer 1 is arranged on top of the support layer 1 0, the hot and humid 
air coming down through the openings 2, 3 can pass through the openings 1 1, 12 in the support 
layer 10. The majority of the openings 2, 3 in the toe region 9 and the arch region 8 directly 
overlap with the openings 11,12 of the support layer 10. The greatest density of the foot's sweat 
pores are located in the toe region 9 and the arch region 8 of the wearer's foot, therefore, 
openings in the sole 100 corresponding to those regions furthers the downward guidance of the 
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hot and humid air. The humidity developing in the heel region 6 and the ball region 7 is at first 
"pumped" through the channels 4, 5 along the bottom side 14 of the insole layer 1, i.e., along the 
upper side of the support layer 10, until the closest opening 1 1 , 12 in the support layer 10 is 
reached. 

[0030] The support layer 10 can be manufactured by, for example, injection molding or 
extrusion. Extrusion processes may be used to provide a uniform shape, such as a single 
monolithic frame. Insert molding can then be used to provide the desired geometry of the open 
spaces, or the open spaces could be created in the desired locations by a subsequent machining 
operation. Other manufacturing techniques include melting or bonding portions together. For 
example, the lateral flanges 24 may be adhered to the support layer 10 with a liquid epoxy or a 
hot melt adhesive, such as (EVA). In addition to adhesive bonding, portions can be solvent 
bonded, which entails using a solvent to facilitate fusing of the portions. 

[0031] The support layer 10 can be manufactured out of substantially compression resistant 
plastic materials, which have the advantage of withstanding the mechanical loads arising during 
contact of the shoe with the ground and also have the required flexibility not to hinder 
movements of the foot, such as those that occur during the rolling-off and pushing-off phase of 
the gait cycle. In particular, the support layer 10 can be manufactured from any suitable 
polymeric material or combination of polymeric materials, either with or without reinforcement. 
Suitable materials include: polyurethanes, such as a thermoplastic polyurethane (TPU); EVA; 
thermoplastic polyether block amides, such as the Pebax® brand sold by Elf Atochem; 
thermoplastic polyester elastomers, such as the Hytrel® brand sold by DuPont; polyamides, such 
as nylon 12, which may include 10 to 30 percent or more glass fiber reinforcement; silicones; 
polyethylenes; and equivalent materials. Reinforcement, if used, may be by inclusion of glass or 
carbon graphite fibers or para-aramid fibers, such as the Kevlar® brand sold by DuPont, or other 
similar method. Also, the polymeric materials may be used in combination with other materials, 
for example rubber. Other suitable materials will be apparent to those skilled in the art. The 
specific materials used will depend on the particular application for which the shoe is designed, 
but generally should be sufficiently compression-resistant, supportive, and flexible to the extent 
necessary for a particular sport. 
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[0032] The support layer 1 0 can be reinforced by a support element 20 disposed in the arch 
region 8 of the sole 100. The support element 20 can be an open frame construction with a 
plurality of openings 23, which may correspond to the openings 1 1, 12 and the struts 14 of the 
support layer 10. The support element 20 can affect the resistance of the sole 100 to foot 
movements, for example torsional movements of the forefoot with respect to the rearfoot. The 
support element can also control the longitudinal stiffness of the shoe 101. The exact 
configuration of the support layer 10 and support element 20 can be varied to accommodate 
numerous applications. For example, different embodiments of the support layer 10 and/or the 
support element 20 will be used to customize the sole 100 and/or the shoe 101 for a particular 
activity. In addition, the support element 20 may be secured to the support layer 10 by adhesive 
bonding, solvent bonding, mechanical retention, or similar techniques. Various alternative 
embodiments of the support layer 10, 110, 210, the support element 20, 120, 220, and the outsole 
layer 30, 130, 230 are schematically illustrated in FIGS. 5 to 8. 

[0033] The support element 20 can be manufactured in any of the manners and materials as 
described hereinabove for the support layer 10. Although in the embodiment shown in FIG. 1, 
the support layer 10 and the support element 20 are shown as separate components of the sole 
100, an integrated alternative is possible. For example, the support layer 10 and any support 
elements 20 can be produced as an integral component by dual injection molding. 

[0034] Referring again to FIGS. 1, 3, and 4, the outsole layer 30 is positioned below the 
support layer 10 and any additional support elements 20. In the embodiment shown in FIG. 1, 
the outsole layer 30 includes a forefoot part 31 and a rearfoot part 32. The weight of the shoe 
101 is reduced by the absence of any outsole material in the arch region 8 of the sole 100. In 
addition, large recesses or openings 33, 34, 35 are disposed in the outsole layer 30 to facilitate 
the dispersion of the hot and humid air from the interior of the shoe 101 via the openings 1 1, 12 
in the support layer 10 to the outside air. Essentially, the openings 33, 34, 35 do not affect the 
damping properties of the outsole layer 30. The openings 33, 34, 35 are positioned such that 
they generally correspond with the openings 1 1, 12 of the supporting layer 10; however, the 
openings 33, 34, 35 can be positioned to accommodate a particular application. 

[0035] Because of the thickness of the outsole layer 30, which is in the range of about 0.5 
centimeters (cm) to about 2 cm, the openings 1 1 , 1 2 of the support layer 1 0 are not in direct 
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contact with the ground. Accordingly, this prevents humidity (water vapor and/or fluid) from 
easily entering the interior of the shoe 101. If the shoe 101 is not used exclusively for indoor 
sports, then a breathable membrane 26 can be provided for complete watertightness. The 
breathable membrane 26 may be positioned between the support layer 10 and the insole layer 1. 
The breathable membrane 26 may be made out of a breathable, but watertight, material that may 
further improve the climate properties of the shoe 101, for example the GORE-TEX® brand sold 
by W.L. Gore & Associates. The sole 100 includes enough openings arranged above and below 
the membrane 26 that the breathing properties of the membrane 26 are effective without 
endangering the overall stability of the shoe 101 . Furthermore, the grill-like openings 1 1, 12 of 
the support layer 10 protect the membrane 26 against damage from below. Further, the 
membrane 26 prevents stones or dirt from entering the interior of the shoe 101 and, thereby 
prevents deterioration of the ventilation properties of the shoe 101 by clogged or closed 
openings. 

[0036] In the case of sports with high lateral loading, for example basketball, the outsole layer 
30 can extend upwards over the edge of the sole 100, as shown in FIG. 4. Such an arrangement 
cushions against lateral ground contacts. In addition, the flexibility of the outsole layer 30 can be 
improved by strategically positioning one or more grooves 36 in the outsole layer 30, for 
example to facilitate an easier rolling-off phase of the gait cycle. FIGS. 5 to 8 depict alternative 
embodiments of the outsole layer 30, 130, 230. In the case of a sport such as tennis, which 
requires a high degree of lateral stability due to strong lateral loading, the embodiment shown in 
FIG. 5 may be used advantageously. 

[0037] The traction properties of the sole 100 may be enhanced by the addition of a tread 
layer 40 below the outsole layer 30. Depending on the particular application, different materials 
can be used, such as TPU or suitable rubber mixtures that simultaneously provide high abrasion 
resistance and good traction. The shape of the tread layer 40 typically corresponds to the outsole 
layer 30 so that the ventilation properties of the sole 101 are not affected by the function specific 
selection of a suitable tread layer 40. The tread layer 40 can also extend sideways over the edge 
of the sole 100 to improve grip during lateral ground contact of the foot. Additionally, the 
outsole layer 30 can include a cushioning layer 70 to enhance the damping properties of the sole 
100. 
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[0038] The outsole layer 30, the tread layer 40, and the cushioning layer 70 can be 
manufactured by any of the methods disclosed herein. In addition, the outsole layer 30, the tread 
layer 40, and the cushioning layer 70 can be manufactured from any of the materials described 
herein to suit their particular application. For example, the arrangement and materials used in 
the outsole layer 30 can affect the damping properties of the shoe 101. As such, foamed 
materials, such as PU, EVA, and like elastomeric materials, are recommended. These materials 
are subjected to a strong compression set during the course of their manufacture, such that they 
permanently keep their elastic damping properties even under high mechanical loading. With 
respect to the cushioning layer 70, comparatively soft materials, such as PU or EVA, are 
recommended. 

[0039] Athletic shoes used in sports with many jumps and frequent changes of direction, for 
example basketball, typically extend upwards over the ankle joint to support the joint and protect 
against injuries. In one embodiment, the shoe 101 includes a flexible net-like protection element 
60, which is shown in FIG. 9 in an unfolded position and in FIG. 10 in its position proximate the 
ankle area 62 of the shoe 101 . In the finished shoe 101, the element 60 is typically covered by a 
suitable air permeable fabric or mesh. 

[0040] The protection element 60 is made out of a flexible material, for example EVA or a 
material based on a silicone elastomer. Alternatively, other soft thermoplastic materials or a PU 
can be used. The protection element 60 is manufactured in a generally planar configuration and 
is folded or otherwise manipulated into shape and then secured in place within the shoe 101. 
Alternatively, the protection element 60 can be directly three-dimensionally shaped, for example 
by injection molding or other suitable techniques, and then bonded to the shoe 101 and/or sole 
100. The protection element 60 includes a plurality of openings 61 that improve the air 
permeability of this area of the shoe 101. The shape and dimensions of the openings 61 will vary 
to suit a particular application. The dimensions are in the range of about 2 mm to about 4 mm, 
up to about 1 cm. The shape of the openings 61 can be circular, rectangular, elliptical, or any 
combination thereof. In the embodiment shown on FIGS. 9 and 10, the openings 61 have an 
essentially rectangular shape. The protection element 60 provides good support and protection 
for the ankle joint, as well as improved ventilation of the interior of the shoe 101, because it 
replaces commonly used denser materials. Similar protection elements can also be used in other 
parts of the upper 102, for example in the instep region 64 where excessive pressure may be 
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caused by a lacing system 65 (FIG. 1 1) of the shoe 101, without reducing the air permeability of 
the upper 102. 

[0041] FIG. 1 1 depicts a shoe 101 and sock 103 assembly according to one aspect of the 
invention. The shoe 101 includes an upper 102 and a sole 100 in accordance with the invention. 
The upper 102 can be a reinforced mesh material that includes bands or members 108 that are 
anchored to the sole 100. The members 108 can provide the structural support for the lacing 
system 65. The upper 102 can be attached to an edge of the sole's support layer 10 by gluing, 
stitching, or other suitable techniques. Alternatively, the upper 102 can be any known type or 
configuration of an upper. The upper 102 shown includes a lacing system 65, which can be any 
conventional lacing system, such as laces or a hook and loop type fastener, such as the Velcro® 
brand sold by Velcro Industries B.V. The special sock 103 functions to improve the climate 
properties of the shoe 101 when used in combination with the sole 100. The sock 103, together 
with the sole 100, forms an overall system that determines the thermophysiological conditions a 
foot is subjected to. These conditions are defined by the heat and steam transmission resistances, 
the steam or water absorption/emission, and the friction forces of the surfaces of the sock and the 
shoe. 

[0042] In one embodiment, the sock 103 includes a two layer mesh construction having an 
inside layer 104 with good diffusion properties and an outsole layer 105 with good absorption 
properties. The good diffusion properties of the insole layer 104 cause the sweat generated by 
the foot to be immediately transferred away from the skin to the outer layer 105, for example by 
capillary wicking. The outside layer's good absorption properties act as a storage for the 
humidity before it is transported to the ambient air through the openings in the layers of the sole 
1 00. These particular properties of the sock 1 03 can be achieved by using synthetic fiber 
materials, such as the Polycolon® brand sold by Scholler, the Dacron® brand sold by DuPont, or 
the Rhoa®-Sport brand sold by Rhodia. 

[0043] A shoe in accordance with the invention was compared to a conventional shoe, the 
results of which are represented by the graphs shown in FIGS. 12a and 12b. As can be seen, the 
shoe in accordance with the invention has substantially improved ventilation properties as 
compared to the conventional shoe. The testing was performed using a foot climate measuring 
sock, which made it possible to determine how fast humidity developing in the interior of the 
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shoe is transported to the outside through the sole and the upper. A foot climate measuring sock 
is a cotton or polyester sock provided with capacitive sensors for measuring humidity and 
additional sensors for measuring temperature. Since the sensors are very thin, they are not felt 
by the wearer of the sock. The data measured by the sensors is sent to a personal computer 
where the humidity and temperature results are analyzed. 

[0044] FIG. 1 2a shows the measurements taken during an approximately twenty-five minute 
test on a tread mill with a person wearing a shoe in accordance with the invention. The results 
are plotted on a graph where the Y-axis represents the Humidity Index as measured in millivolts 
(mV) and the X-axis represents the length of the test as measured in hours, minutes, and seconds. 
The increase in humidity in the interior of the shoe is reflected in the increasing voltage plotted 
along the Y-axis and represented as 1 10. The graph represents a slow, generally linear increase 
from approximately 170 mV to approximately 400 mV, i.e., an increase of about 330 mV over a 
period of about twenty-five minutes. 

[0045] FIG. 1 2b depicts the results of the same experiment, but performed with a person 
wearing a conventional sports shoe. Note the scaling of the Y-axis is different in the graph 
shown in FIG. 12b than in FIG. 12a. Accordingly, to best illustrate the significant improvement 
of the inventive shoe, the voltage plot 1 10 of FIG. 12b is manually overlaid on the graph of 12b. 
As can be seen, the voltage 120, which is proportional to the humidity in the interior of the 
conventional shoe, rises rapidly from approximately 150 mV to approximately 800 mV, i.e., an 
increase of about 650 mV over a similar twenty-five minute period. Therefore, shoes in 
accordance with the invention reduce the increase in humidity in the shoe interior by almost 
100% with respect to conventional shoes. This result corresponds to reports by test subjects who 
noticed the improved foot climate properties of the inventive shoes, as compared to the 
conventional shoes. 

[0046] Having described certain embodiments of the invention, it will be apparent to those of 
ordinary skill in the art that other embodiments incorporating the concepts disclosed herein may 
be used without departing from the spirit and scope of the invention. The described 
embodiments are to be considered in all respects as only illustrative and not restrictive. 

[0047] What is claimed is: 
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